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Related Applications 
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1 0 60/277,1 1 8 which was filed March 1 9, 2001 , and provisional application Serial No. 
60/277,349 which was filed March, 19, 2001 . 



Field of the Invention 

H The methods and apparatus of the present invention relate generally to the 

fll 1 5 fabrication of electrical structures by laser etching, and more particularly to the 
^,1 fabrication of high line-density structures having high aspect ratio spaces between 
relatively large cross-section conductors. 

^ ^ *• 

Background 

p 20 Electrical systems very typically include a variety of electrical components 

■n = 

mounted upon, or othen^/ise attached to a substrate. Such a substrate provides 
mechanical support for component attachment as well as commonly provides a 
variety of electrically conductive pathways thereon for electrically coupling the 
various electrical components. One example of such a substrate is the printed 
25 circuit board. 

Printed circuit board (PCB) technology has been in development for many 
years. The electrically conductive pathways, or traces, found on printed circuit 
boards are conventionally formed by processes in which a blanket layer of 
conductive material, typically copper, is masked and then chemically etched (i.e., 
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wet etched) such that portions of the copper under the mask pattern remain on the 
board while the exposed portions are removed. However, the conventional wet 
chemical etch process is an isotropic etch resulting in the traces having sidewalls 
with curved, or sloping shapes (i.e., not substantially parallel to each other). Another 

5 way of describing this geometrical characteristic is that the traces have relatively 
wide portions immediately adjacent the substrate, and that the traces narow in width 
as they extend away from the surface of the substrate. Unfortunately, these 
isotropic etch results, have adverse consequences for the electrical characteristics 
of the traces. More particularly, these undesirably formed traces, provide 

1 0 unpredictable resistance and capacitance values as interconnect lines. 

Referring to Figs. 1 , 2, and 3, illustrations of the undesired results of 
conventional wet etching of tin masked copper lines are shown. It is noted that 
0 across a typical panel, that is, a substrate or board, it is not uncommon for the plated 
%i thickness of copper to vary by plus or minus 12 microns. As can be seen in Figs. 1- 

1 5 3, several examples of isotropically etched copper traces are shown. Fig. 3 
^ illustrates the results of conventional manufacturing practices in producing features 

^ that are nominally 150 microns wide. In addition to sloping sidewalls, it can be seen 

U that the actual feature sizes achieved varies with the varying thickness of copper 
^ across the panel. More particularly, trace 304, which was formed in a region of 

■0. H 

Q 20 nominal copper thickness, can be seen to be narrower than trace 310, which was 
' formed in a region of less than nominal copper thickness, whereas trace 304 is wider 
than trace 316, which was formed in a region of greater than nominal copper 
thickness. Fig. 2 is similar to Fig. 3, but illustrates the results of conventional 
manufacturing practices in producing features that are nominally 1 25 microns wide. 
25 In addition to the undesirable sloping sidewalls, it can be seen that the actual feature 
sizes achieved varies with the varying thickness of copper. More particularly, trace 
204, which was formed in a region of nominal copper thickness, can be seen to be 
narrower than trace 210, which was fomned in a region of less than nominal copper 
thickness, whereas trace 204 is wider than trace 216, which was fonned in a region 
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of greater than nominal copper thickness. Finally, it can be seen that Fig. 1 
illustrates the results of conventional manufacturing practices in producing features 
that are nominally 100 microns wide, at which point the overetching seen in the thick 
copper regions produces trace widths which generally tend to be unacceptably 
5 narrow, and are usually unworkable for very high speed applications. Still refenring 
to Fig. 1 , In addition to undesirable sloping sidewalls, it can be seen that the actual 
feature sizes achieved varies with the varying thickness of copper. Trace 104, which 
was formed in a region of nominal copper thickness, can be seen to be narrower 
than trace 110, which was formed in a region of less than nominal copper thickness, 
1 0 whereas trace 104 is wider than trace 116, which was formed in a region of greater 
than nominal copper thickness. Figs. 1-3 illustrate the difficulties encountered in 
forming traces by conventional methods. This problems are grow worse as the 
f-^ dimensions sought to be achieved grow smaller. 

Q Although printed circuit boards have been used to illustrate the problems 

15 encountered in conventional manufacturing of traces, such problems are found in a 
wide variety of products including space transformers, chip packages, and the like. 

z * is 

What is needed are electrical structures, suitable for products such as the 
pj space transformer, where those products have thick metal for current carrying 
^1 capacity, and high aspect ratio spaces therebetween to provide a high density of 
0 20 conductors per linear measurement unit, and methods for the manufacture of such 
electrical structures. 



Summary of the Invention 

Briefly, a unified process of making an electrical structure includes performing 
25 a plurality of laser etching operations on a workpiece, without removing the 

workpiece from a laser processing system. The workpiece includes a conductive 
material disposed on an electrically insulating substrate, and the plurality of laser 
etching operations include, but are not limited to, two or more of, forming a fiducial, 
forming thick metal traces separated by high aspect ratio spaces, forming an 
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alignment hole, forming a folding line, forming a cutting line, and singulating the 
electrical structure. 

In further aspect of the present invention, a database is prepared, and 
communicatively coupled to the laser processing system to provide control signals 
that direct a portion of the plurality of operations of the laser processing system, 
wherein each of the plurality of etching operations is defined with respect to a 
common coordinate system. 

In a still further aspect of the present invention, an electrical structure in 
accordance with the present invention, provides the function of a space transformer. 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional representation of a conventionally etched, thick 
metal, set of traces disposed on a substrate, where the desired nominal trace width 
is 100 microns. 

Fig. 2 is a cross-sectional representation of a conventionally etched, thick 
metal, set of traces disposed on a substrate, where the desired nominal trace width 
is 125 microns. 

Fig. 3 is a cross-sectional representation of a conventionally etched, thick 
metal, set of traces disposed on a substrate, where the desired nominal trace width 
is 1 50 microns. 

Fig. 4 is a cross-sectional representation of thick metal traces, in accordance 
with the present invention, having substantially constant trace width, having varying 
trace thickness, having trace sidewalls that are substantially perpendicular to the 
substrate, and having substantially constant space width. 

Fig. 5 is a cross-sectional representation of thick metal traces, in accordance 
with the present invention, having substantially constant trace cross-sectional areas, 
having trace sidewalls that are substantially perpendicular to the substrate, and 
having substantially constant space width. 
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Fig. 6 is a cross-sectional representation of thiols metal traces, in accordance 
witii the present invention, having substantially constant trace width, having 
substantially constant trace thickness, having trace sidewalls that are substantially 
perpendicular to the substrate, and having substantially constant space width. 

5 Fig. 7 is a flowchart of an illustrative process in accordance with the present 

invention. 

Fig. 8 is a flowchart of an alternative illustrative process, in accordance with 
the present invention. 

Fig. 9 is a flowchart of another alternative illustrative process, in accordance 
10 with the present invention. 

pj Detailed Description 

^ Generally, in accordance with the present invention, methods of laser etching 

P to remove portions of one or more materials from a workpiece, are used to produce 
\i 1 5 electrical stmctures characterized by conductive traces disposed on an electrically 
insulating substrate, the conductive traces separated from one another by high 

P aspect ratio spaces. Spaces may be thought of as openings in the materials that are 

= y 

U: superjacent the substrate. These conductive traces are typically formed of copper of 

the "thick metal" variety, i.e., typically between about 9 microns and about 72 

W 20 microns in thickness. These electrical structures may alternatively be characterized 
as having a high density of conductive traces relative to the high aspect ratio spaces 
that separate the conductive traces. The substrates may be of the rigid or flex 
variety, and may be comprised of organic or inorganic materials. The substrates 
may have a conductive material on one side only, or may be more complex such as 
25 with conductive material on two opposing major surfaces and/or with conductive 
traces disposed within the substrate itself (sometimes referred to as a complex 
substrate). 
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Electrical structures in accordance with the present invention advantageously 
provide metal traces of substantially constant width with respect to a specified 
nominal width, and spaces of substantially constant width with respect to a specified 
nominal width, as compared to conventionally prepared thick metal traces on rigid or 
flexible substrates. Such substantially constant width traces may have varying 
thicknesses as the thickness of the metal varies across a workpiece. Alternatively, 
embodiments of the present invention may include machining the workpiece such 
that in addition to constant width and constant space, the traces have constant 
thickness. It will be appreciated that with respect to expressions such as constant 
width, or space, or thickness, what is meant is that the variations in width, space, or 
thickness, are so small as to be negligible, particularly as compared to the 
magnitude of the variations resulting from the application of conventional wet etching 
processes of forming traces and spaces. Electrical structures in accordance with the 
present invention include, but are not limited to, space transformers, single-chip 
packages, and multi-chip packages. 

Figs. 4-6 show exemplary cross-sectional views of traces formed in 
accordance with embodiments of the present invention. More particularly, Fig. 4 is a 
cross-sectional representation of thick metal traces 402, 404, 406, 408, and 410, in 
accordance with the present invention, having substantially constant trace width 401, 
having varying trace thickness, having trace sidewalls that are substantially 
perpendicular to the substrate, and having substantially constant space width. As 
can be seen from the figure, trace width 401 is substantially constant even though 
the heights (i.e., thicknesses) of traces 402, 404, 406, 408, and 410 are not the 
same. Fig. 5 is a cross-sectional representation of thick metal traces 502, 504, 506, 
508, and 510, in accordance with the present invention, having substantially 
constant trace cross-sectional areas, having trace sidewalls that are substantially 
perpendicular to the substrate, and having substantially constant space width 401. 
In other words, the pitch of the traces is modified in accordance with the thickness of 
the metal layer so as to achieve substantially constant cross-sectional area, which in 
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turn, relates to the effective resistance of each trace. Fig, 6 is a cross-sectional 
representation of thick metal traces 602, 604, 606, 608, and 610, in accordance with 
the present invention, having substantially constant trace width 401, having 
substantially constant trace thickness, having trace sidewalls that are substantially 
perpendicular to the substrate, and having substantially constant space width. The 
structure of Fig, 6 may be obtained by laser etching spaces In a substantially 
uniformly thick starting layer of metal, or by creating the structure of Fig, 4, and 
machining the traces to planarize the top surface thereof. 

In the following description, various aspects of the present invention will be 
described. However, it will be apparent to those skilled in the art that the present 
invention may be practiced with only some or all aspects of the present invention. 
For purposes of explanation, specific numbers, materials and configurations are set 
forth in order to provide a thorough understanding of the present invention. 
However, it will also be apparent to one skilled in the art that the present invention 
may be practiced without those specific details. In other instances, well-known 
features are omitted or simplified in order not to obscure the present invention. 

Reference herein to "one embodiment", "an embodiment", or similar 
formulations, means that a particular feature, structure, operation, or 
characteristic described in connection with the embodiment, is included in at 
least one embodiment of the present invention. Thus, the appearances of such 
phrases or formulations herein are not necessarily all referring to the same 
embodiment. Furthermore, various particular features, structures, operations, 
or characteristics may be combined in any suitable manner in one or more 
embodiments. 

Terminoloqv 

The expressions, laser cutting, laser editing, laser etching, laser 
machining, laser micro-machining, laser processing, laser scribing, and similar 
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terms and expressions are sometimes used interchangeably. As used herein, 
these expressions refer to a process of removing material from a workpiece by 
exposing that workpiece to the output of a laser. 

The terms conductive line, metal line, conductive trace, interconnect line, 
5 wire, conductor, signal path and signaling medium are all related. The related 
terms listed above, are generally interchangeable. In this field, and in 
connection with the electrical structures referred to herein, electrically 
conductive metal lines are typically referred to as traces. 

The expression, space transformer, refers to an electrical structure that is 
10 used to achieve electrical connection between one or more electrical terminals that 
have been fabricated at a first scale, or dimension, and a corresponding set of 
u electrical terminals that have been fabricated at a second scale, or dimension. In 
K this field, a space transformer is sometimes referred to as a fan-out. A space 
transformer, or fan-out, essentially provides an electrical bridge between the 
15 smallest features in one technology (e.g., pins of a probe card) and the largest 
features in another technology (e.g., bonding pads of an integrated circuit). An 
^ interposer may also be referred to as a space transformer. 

S' — " 

The term, space, as used herein, generally refers to a space between 
f\i electrically conductive traces. Terms such as, trenches, gaps (air gaps if no 
fi 20 other dielectric material is introduced therein), or slots, may also be used to 
refer to those regions between conductors. The height of a space, unless 
specifically noted otherwise, is considered to be equal to the height of the 
surrounding electrically conductive material that defines the space. 

The thickness of a conductive layer is sometimes referred to in this field 
25 in terms of ounces (oz.). This is based on the weight of one square foot of a 
conductive layer of a particular material and thickness. For example, a 
thickness referred to as 0.5 oz. copper, is approximately 18 microns thick. 
Similarly, a thickness referred to as 1.0 oz. copper, is approximately 36 microns 
thick, and so on. 
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Overview 

In one aspect of the present invention, electrical structures are made by laser 
etching, and all of those laser etching operations take place, from beginning to end, 
within a single laser etching system, via one or more selectively controlled, 
appropriate laser beams, or pulses, which are directed toward what is, initially, i.e., 
before laser etching, a blanket layer of electrically conductive material, such as, but 
not limited to, a layer of copper. More particularly, by performing a variety of etching 
operations, such as for example, those that form fiduciais, those that form isolated 
conductive traces from the blanket layer of conductive material, those that cut 
alignment holes, those that form cutting and folding lines, and those that act to 
singulate one or more completed electrical structures, within a single laser etching 
system, and using a unified coordinate database to define, or describe, these 
operations, the error budget for laser processing is reduced, thereby providing a 
methodology for obtaining tighter pitches, greater densities, and enhanced accuracy. 

Process integration, in accordance with the present invention, includes 
combining multiple separate conventional process operations, typically performed by 
separate machines, or tools, into one process, performed in an unintemipted 
manner, within a single machine, and with each element within the process being 
referenced to a single common coordinate system. Such process integration 
eliminates many of the workpiece alignment operations required by previous 
methods, thereby advantageously improving accuracy. In some embodiments of the 
present invention, no realignment operations of the workpiece are perfonned, yet 
multiple operations are perfonned on the workpiece. Furthermore, this improved 
positional accuracy allows laser etching operations to be repeated such that "fine- 
tuning", or "touch-up" edits may be made. Process integration in accordance with 
the present invention eliminates most or all of the conventional realignment 
operations that result in an inability to repeat a laser etching pass. Put another way, 
embodiments of the present invention, by virtue of the improved positional accuracy 



-9- 

Express Mail Label No. EV051102159US 



51064.P003 



resulting from elimination of one or more realignment operations, may include 
multiple laser etching passes over some or all of the exposed surface of a 
workpiece. 

Laser control is effected in such a fashion that, within this environment, a 
5 defined pattern of differentiated conductors, which may have many different shapes, 
spacings, and organizations, is created through what can be thought of as precision 
laser micro-machining that removes material to create separating gaps, thereby 
forming individual conductive traces. Experience and practice with the invention has 
demonstrated the ability of this laser fabrication approach to create unique patterns 
1 0 of conductors, including patterns with an extremely high area-density of conductors, 
characterized by cross-sectional and spatial-separation aspect ratios that afford an 
opportunity for the creation of unique inter-conductor electrical characteristics which 
offer advantages in a number of different applications, including space transformer 
applications. Laser micro-machining, performed in accordance with the present 
1 5 invention, is capable of producing confronting conductive walls, in regions where 
conductive material is removed, that are substantially precisely planar, accurately 
and precisely positioned relative to one another, and defined by facing wall 
expanses which have a material height relative to the supporting plane of a joined 
substrate which cannot be achieved by conventional etching. Conventional etching, 
m 20 as is well known, produces undercutting of material during the removal process. 

In some embodiments of the present invention, the integrated process 
includes laser etching bar codes on the workpiece by removing portions of, at least, 
the conductive material. Such bar code etching may be formed at a size wherein 
magnification via an optical instrument such as a microscope is required to read the 
25 bar code, or the bar code may be formed at a human readable scale. It is noted that 
in addition to bar codes, any other graphical coding system or character set may be 
used, wherein various graphical symbols or character set elements are formed on 
the workpiece as part of the integrated process flow in accordance with the present 
invention. Similarly, in some embodiments of the present invention, the integrated 
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process includes laser etching alphanumeric text characters of microscopic or 
human readable dimension into the workpiece. 

Illustrative Process Examples 

In an illustrative embodiment of the present invention, laser pulses are used 
to "edit" a blanket layer of conductive material disposed on a first side, or surface, of 
an electrically insulating substrate, so as to form conductive traces thereon. That is, 
conductive traces are produced by the creation of spaces, which result from the 
laser editing process. More particularly, in this illustrative embodiment, the laser 
pulses remove a portion of the total amount of electrically conductive material that is 
desired to be removed with each pulse. In this way, several pulses are required to 
completely etch out the space so that two adjacent conductive traces are not 
electrically shorted together. The space is therefore considered to be etched out 
when the application of laser energy has removed the conductive material down to 
the insulating substrate. It is desirable to form the spaces such that the conductive 
traces have sidewalls that are perpendicular, or substantially perpendicular, to the 
substrate, smooth, and evenly spaced apart from one another along the length of the 
space, and further desirable to avoid damaging, i.e., unintentionally removing 
portions of the underlying substrate, or to unintentionally change the electrical 
characteristics of the underlying substrate. 

It is noted that in some instances, an adhesive material is disposed between 
the conductive material and the substrate so as to provide for improved adhesion of 
the metal traces to the insulating substrate material. 

Typically, the conductive material is a metal, such as, but not limited to, 
copper. Further, the thickness and type of the conductive material is typically 
known, or detemiined, prior to laser etching the spaces so that the laser energy, 
pulse width, and relative velocity of the laser spot with respect to the workpiece, can 
be properly set. In typical embodiments of the present invention, the laser spot 
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diameter is in tiie range of 1 8 microns to 25 microns; the laser spot scan rate is in 
tlie range of 20 mm/sec to 40 mm/sec; the laser beam wave length is in the range of 
266 nm to 355 nm; the pulse energy is in the range of 10 to 50 microjoules; the 
pulse width (half height) is in the range of 1 5 to 30 ns; and the pulse rate is 
approximately 1 0 kHz. 

In some instances it may be desirable to fonn a trench in the substrate. 
Typically, such a trench immediately underlies the space between two conductive 
traces. In one embodiment of the present invention, such a trench in the substrate is 
fomied essentially concun-ently with the formation of an overlying space. That is, 
once the overlying conductive material is removed, the pulsed laser energy is used 
to continue removing material at those coordinates until a trench in the substrate of a 
desired depth is reached. 

It is noted that by removing such portions of the substrate, the capacitance 
between two adjacent conductive traces is changed. More particularly, the 
capacitance is typically reduced because the dielectric constant of air is typically less 
than that of the insulating portion of the substrate which was removed. In alternative 
embodiments of the present invention, portions of the trench; the whole trench; the 
whole trench and portions of the space superjacent the trench; the whole trench and 
the whole space supenacent the trench, or any similar combination, may be 
backfilled with one or more dielectric materials, such that the capacitance between 
adjacent traces may be adjusted. In such embodiments the dielectric material may 
have a dielectric constant that is greater than that of the substrate material. It is 
further noted, that in those instances where an adhesive is disposed between the 
metal and the substrate, the formation of a trench in the substrate includes laser 
etching a portiion of the adhesive. In various embodiments of the present invention 
wherein the workpiece includes the adhesive layer, it is possible to etch 
combinations of adhesive only, and adhesive and substrate material. 

In addition to preparing traces and spaces byway of laser etching, various 
embodiments of the present invention include forming, again by way of laser etching. 
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one or more fiducials, alignment holes, cutting lines, folding lines, and may further 
include singulation of a laser-edited product from its surrounding or supporting 
substrate. 

Fiducials, or fiducial marks, are sometimes referred to targets because they 
5 are target images which are searched for, and recognized by, machine vision 
systems, or human operators. In one illustrative example, fiducial marks on a 
printed circuit board are recognized by a machine vision system, and such system 
communicates with associated handling equipment such that subsequent 
manufacturing operations are properly achieved. Fiducials, whether on a printed 
10 circuit board or other type of substrate may be fomied in accordance with the 

present invention by laser etching portions of a conductive layer on that substrate so 
as to form a recognizable, pre-determined target image. In other embodiments, 
gl formation of fiducials may include laser etching portions of the substrate material, 
including, in some embodiments, even etching all the way through a substrate. In 
1 5 accordance with the present invention, formation of one or more fiducials, is 
%j accomplished by laser etching, typically in multiple passes, within a single laser 

etching system, in conjunction with the formation of one or more other laser-etched 

St 

V 

P features wherein the workpiece is not removed from the laser etch system. 

Alignment holes are used, after an electrical structure in accordance with the 

Z 'i V. 

p 20 present invention is formed, to provide mechanical alignment with another 

PI " 

' ^ mechanical element, whereby alignment pins, which are attached to the other 

mechanical element, are received through the alignment holes, thereby bringing the 
electrical structure into a predetermined mechanical alignment with that other 
mechanical element. Alignment holes may be formed in accordance with the 
25 integrated process of the present invention by laser etching a hole of predetermined 
dimension through the conductive material, through the adhesive material if such is 
present, and through the substrate. Formation of the hole may be accomplished by 
removing all the material by application of laser energy, or by forming, for example, 
an annular region of removed material such that the remaining material, interior to 
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the annular region is singulated, i.e., removed from the workpiece. Alignment holes 
are typically, but not required to be, circular. Alignment holes formed in accordance 
with the present invention provide improved tolerances, and therefore better 
mechanical alignment with other mechanical objects than can be obtained by 
conventional methods of fomriing alignment holes, such as drilling or routing. 

Folding lines are regions of a workpiece that have been removed to facilitate 
physically folding the electrical structure subsequent to the laser etching of 
integrated process in accordance with the present invention. Folding lines may be 
fomied in accordance with the present invention by removing portions of the 
conductive material, similar to forming a space, or may include removing portions of 
the conductive material so as to form a "dotted" line which facilitates folding. 
Fomnation of the dotted folding lines may also include removing regions of the 
substrate underiying the portions of conductive material removed for the purpose of 
defining, fonning, the folding lines. 

Cutting lines are similar to folding lines, but are typically fomried continuously, 
that is, not in "dotted" lines, and are used to remove one or more sections from the 
workpiece. These are fomied in accordance with the integrated process of the 
present invention by laser etching. 

Singulation refers to the process of separating a laser-edited electrical 
structure from the substrate from which it was fomied. Singulation may be achieved 
in accordance with the present invention by laser etching a "border" which defines 
the outer dimensions of the electrical structure. Singulation etching may be done 
completely around the electrical structure, or may be done in a partial manner such 
that one or more tabs remain. Such tabs provide a means of maintaining the 
electrical structure in place relative to the substrate from which it was formed. In 
embodiments in which tabs remain, the electrical structure is typically removed from 
the surrounding substrate by a mechanical twisting operation, although, any suitable 
method, including, but not limited to laser etching of the tabs, may be used. 
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Passivation removal refers to removing portions of an electrically insulating 
layer that overlies the conductive layer which is disposed on a surface of substrate. 
More particulariy, a workpiece includes a substrate and a copper layer disposed 
thereon. The copper layer has an insulator, such as but not limited to, polyimide, 
disposed on the copper layer. In some embodiments of the integrated process of 
the present invention, subsequent to the formation of traces, which includes 
removing polyimide and copper, additional regions of polyimide are removed 
(refen-ed to as passivation opening) so that electrical contact to a portion of the 
copper may be had. Passivation opening, in accordance with the present invention, 
is peri^ormed without removing the workpiece from the laser etching system, and 
without realigning the workpiece. 

Fig. 7 illustrates one embodiment of the integrated process of the present 
invention. More particulariy, a method of making an electrical structure, includes 
preparing a database 702. This includes providing information regarding the 
geometrical description of the various portions of the workpiece to be removed by 
the laser etching system. Each of the various elements formed, for example traces, 
fiducials, alignment holes, trenches, passivation openings, etc. are defined with 
respect to a common, or unified coordinate system. Because the workpiece is not 
removed from the laser etching system, no realignment of the workpiece is 
performed and the coordinates of each geometrical description remain defined within 
the uninterrupted coordinate reference system. The substrate is placed 704 in a first 
laser processing system, and the substrate is made from an electrically insulating 
material, and a first blanket layer of conductive material is disposed on a first surface 
thereof. At least one fiducial is formed 706 by laser etching. Portions of the 
conductive material are removed 708 by laser etching so as to fonn isolated 
conductive traces. At least one alignment hole suitable for receiving therethrough at 
least one alignment pin is formed by laser etching 710. At least one folding line is 
formed by laser etching 712. The electrical structure formed by the various laser 



-15- 

Express Mail Label No. EV051102159US 



51064.P003 



etching operations that take place without removal from the laser etching system 
and without realignment of the workpiece, is then singulated 714. 

Fig. 8 illustrates one embodiment of the integrated process of the present 
invention. In this illustrative embodiment, a method of making an electrical structure, 
includes providing 802 an insulating substrate that has a first major surface and a 
second major surface on an opposite side, and that has a layer of metal disposed on 
the first major surface. The substrate may be rigid or flexible, it may be a simple or 
complex, and may be made of FR-4, polyimide, epoxy, or any other material suitable 
for use as a substrate for an electrical product. At least one portion of the layer of 
metal is removed 804 by laser etching so as to form at least one trace and at least 
one space adjacent thereto. In this illustrative embodiment, the at least one trace 
has a height, a width, and a first aspect ratio (height/width); and the at least one 
space has a height, a width, and a second aspect ratio (height/width), and the 
second aspect ratio is greater than the first aspect ratio. 

Fig. 9 illustrates one embodiment of the integrated process of the present 
invention. In this illustrative embodiment of the present invention, a method of 
forming a space transformer, includes placing 902 a substrate with a first major 
surface and a second major surface, the substrate comprising an electrically 
insulating material, and a first layer of material disposed on the first major surface, 
into a first pulsed laser etching system. Etching 904, with the first pulsed laser 
etching system, portions of the first layer and portions of the substrate to fomi at 
least one fiducial. Without removing the substrate from the first pulsed laser etching 
system, etching 906 portions of the first layer to form conductive traces separated by 
spaces. Without removing the substrate from the first pulsed laser etching system, 
etching 908 portions of the first layer and the substrate to form alignment holes. 
Without removing the substrate from the first pulsed laser etching system, laser 
etching 910 folding lines. Without removing the substrate from the first pulsed laser 
etching system, etching 912 portions to singulate the space transformer. It is noted 
that, in this illustrative embodiment, no realignment of the substrate (i.e., the 
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workpiece) takes place between the various laser etching operations, and that the 
width of the spaces is less than the width of the conductive traces. 

Conclusion 

In accordance with the present invention, an integrated process for forming 
electrical stmctures provides improved dimensional accuracy and cost-effective 
manufacturing. 

An advantage of some embodiments of the present invention is that 
extremely dense landscapes of conductors can be created which allow for the 
creation of electrical structures that can be significantly smaller in overall size than 
counterparts fabricated with conventional methods. 

An advantage of some embodiments of the present invention is that the high 
density, which results from the ability to form very nanrow spaces, allows electrical 
structures to be formed with less material than would be consumed by conventional 
fabrication methods. 

Among the products which can readily be made by practice of the present 
Invention, are uniquely structured devices, such as space transformers. Moreover, 
single-layer space transformers, are formable and capable of handling space- 
transformer requirements for devices which heretofore have had to be dealt with by 
more complicated, expensive, and difficult to manufacture, multi-layer assemblies. 
Single-layer space transformer stmctures uniquely created by embodiments of the 
present invention, are very much in that category of offering the opportunity to 
present to the end user a very simply manufactured, relatively inexpensively created, 
high-density, single-manufacturing-step component which can be made easily, 
economically and selectively both in very small quantities and in much larger 
batches if required. 
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It is to be understood that the present invention is not limited to the 
embodiments described above, but encompasses any and all embodiments within 
the scope of the Claims. 
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